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Introduction

The NASA Langley Research Center airborne combined Differential Absorption Lidar ) ) ) T ) ) )
(DIAL) High Spectral Resolution Lidar (HSRL) characterized ozone and aerosol W e | --
distributions while deployed on the NASA DC-8 during the Studies of Emissions and C
Atmospheric Composition, Clouds and Climate Coupling by Regional Surveys (SEAC4RS) o " g >
fleld campaign. In addition to measuring ozone concentrations throughout the troposphere N ' i §
and lower stratosphere, this advanced lidar system simultaneously measures aeroso °, ‘; f
extinction and aerosol optical thickness (AOT) at 532 nm via the HSRL technique, as wel 2 i -
as aerosol backscatter and depolarization at 355, 532, and 1064 nm in both nadir anc o6 s A am am s o9 Mn
zenith directions. 95,07 735 4023 0538 0498 40136 10028 9869

The DIAL/HSRL measurements of lidar ratio (i.e., the ratio of extinction and | 30N e e T
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backscatter), aerosol depolarization ratio, backscatter color ratio, and spectral
depolarization ratio (i.e., the ratio of aerosol depolarization at the two wavelengths) provide
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_ ) . _ _ _ based on the lidar observations (AOT of smoke layer > 0.05) £ I ;
Information about the aerosol physical properties and so are combined to infer aeroso
type. Aerosol extinction and optical thickness are apportioned to these aeroso Vertical Variability of Smoke Optical Properties ; . :
: : : : - : : 1 on 532nm 5
types. Smoke from biomass burning is identifled by the lidar data and the optica I e -
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parameters along with the vertical and horizontal distributions are presented from the -D‘js‘iy i 5 . w L -
SEAC4RS campaigns. In addition, the DIAL/HSRL measurements from the research flight Marine [ | |
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on August 6, 2013 are used to quantify and characterize smoke above uniform stratus Urban (T P ©
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10 S 36.O°N ——— F 8\5 - 1035 based on the lidar observations. In particular, there is very low depolarization at 1064nm in the identified smoke plume.
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g 8 H 34-00N - S 055 € = 6 between the ~5&7km region at 16.25UT. This signature is not unique as previous measurements have also identified
s 6 -2 330 N - /*1 72,27 3 ﬁ« =3 distinct differences in the smoke depolarization. The lidar ratio also increases with altitude. It is hypothesized that these
4 ;3 32,o°N — e 3 3 § 4 differences offer information on the smoke microphysics (i.e. size, shape, or coating). However, it is noted that this
, el 1. 3 31-00N e NN N e e 0.1~ = % change in optical properties could be due to mixing of different types or relative humidity changes.
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The HSRL technique allows independent measurements of the backscatter and extinction.
In addition, using the methodology outlined by Burton et al., aerosol type can be inferred as i ; S Ny M 27
a function of altitude and spatially along the flight tracks. Using these measurements and g O | A " . . Marine stratus
typing retrievals, the fraction of aerosol optical thickness (AOT) can be partitioned by type N 9 ., Ay : -
and altitude (see figure above). Compositing only aerosol types identified as smoke, the
vertical variability was assessed for all the flights. As has been observed in previous
individual flights, the averaged lidar ratio increases with altitude. This is correlated with an
increase in the 532nm depolarization (the 1064nm does not show significant change) and
therefore anticorrelated with the spectral depolarization ratio shown in the correlation plot.
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Summary

Smoke plumes were identified using the intensive parameters of the lidar
observables during the SEAC4RS field mission. These are plotted to show the
geographical distribution over the sampling region.
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1 ; The vertical distribution of aerosols was assessed based on the types identified
o 20c September 6. 2013 , 160 aﬁ . . . ~ |
.3 o & The aerosol optical thickness (AOT) was assessed as a function of aerosol | R
o.20F 2 g types and altitude. The AOT was dominated by urban sources in the lower B rmethn 19:99
2 onst 1 : altitudes (<3km) and b'y smok.e at h|.ghe.r altitudes (>4km). | | Case study to assess accuracy of ACAOD retrievals from CALIOP
CoF - o0 I roee For smoke types, the lidar ratio (extinction-to-backscatter) increased with - Oregon/Washington smoke sampled off coast over stratus clouds. Provides case study to evaluate lidar retrievals.
o 00 ] — — — — altitude from a value near 60 below 5km to ~70 srabove. This increase is «Using integrated attenuated backscatter (y), the integrated depolarization (5), and an estimated lidar ratio for the clouds
38 36 Latituoe 32 30 anticorrelated with the spectral depolarization ratio indicating potential S,.=19.3 based on previous estimates, the AOD optical depth can be retrieved over opaque clouds. (Yong Hu et al., 2007)
. Bue Qusty  Roluted  Fresh Burton, S. P, et al. "Aerosol classification using airbore High Spectral changes_ln the sr_npke microphysical parameters or mixing of aerosol types - Roughly 1/3 of CALIOP returns end in opaque clouds, allowing this retrieval method to be applied.
_—— —— Ef;;';i?.';;?";;';”pehaes#gi;;gf%%fgfﬁgg%ﬁi 5.1 (2012): 73-98. and relative humidity changes. - Multiwavelength backscatter and depolarization measurements allow retrievals of AOD and Angstrom Exponents that can
| : The changes in the smoke properties with altitude can be important when be assessed by other remote and in situ measurements during the smoke transect. Note the vertical changes in the
Aerosol Typing deriving extinction from lidar systems that assign a lidar ratio in their retrievals optical intensive parameters.
The lidar intensive parameters (4) are used to infer aerosol type (coarse speciation) based on the methodology provided by (i.,e. CALIOP) and it could be important in understanding the radiative effects of
Burton et al., 2012. Two of these types are smoke (likely more aged or processed) and fresh smoke. Although all of the smoke in models.
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